fections may occur also, sometimes only with skin lesions, but in a follow up of 14 such cases 5 were found to have psychomotor retardation.
Postnatal Infections
Infection with either rubella virus or cytomegalovirus after birth is not of any importance as a cause of mental retardation.
Herpes simplex: It has been apparent for some years that most patients who survive an acute attack of HSV encephalitis have some degree of permanent mental defect. Because of the well-known property of this virus to cause persistent latent infection which may be reactivated at any time the possibility that minor persistent infection in the brain is responsible for some well-known neuropsychiatric disorders is being investigated.
Successful transmission of the degenerative diseases of the brain, kuru and Jakob-Creutzfeldt disease to chimpanzees and New World monkeys (Gajdusek & Gibbs 1971) , and the recently reported tissue culture of virus-like particles from the brain of a patient with progressive multifocal leukoencephalopathy (Padgett et al. 1971 ) have provided new opportunities for a better understanding of the etiology and possibly the future prevention of these diseases. Morphological Aspects of Mental Retardation Some cases of mental retardation can be traced to a definite cause, such as chromosomal abnormality and infection, or they may be instances of an established syndrome, i.e. hydrocephalus, phenylketonuria or tuberous sclerosis. These are classifiable cases. Others are unclassifiable and can only be described as mental retardation with or without cerebral palsy and epilepsy. Innes et al. (1968) found that of 2,887 cases in North East Scotland, 447 (15-5y%) were classifiable. On the other hand, in the smaller series of Angeli & Kirman (1971) 330 of 645 cases were regarded as classifiable.
Classified Syndromes
Phenylketonuria is an instance of morphological changes in such classified disorders. The brains of phenylketonurics tend to be small, chiefly, perhaps, on account of a reduction in the volume of the white matter, which may show astrocytic overgrowth and fibrous gliosis (Crome & Pare 1960) . Most of the individual myelin sheaths stain normally but on chemical examination there may be excess of water in the white matter and a reduction of cerebrosides and cholesterol. This may be partly due to the presence of the already mentioned excessive glial tissue, but the findings are also compatible with hypomyelination or, even, slow demyelination. Small areas of frank demyelination have also been encountered and these may be ictal in origin. Some of the older patients develop widespread demyelination indistinguishable from sudanophil leukodystrophy (Crome 1962 ). On the other hand, some workers (Foote et al. 1965 ) have not been able to detect any significant morphological change in their series of older phenylketonurics. Thus, there is evidence that pathological changes in this condition reflect its clinical variability and are, perhaps, the result of genetic heterogeneity and success or failure of treatment.
Unclassified Cases
The brains of some 80-90% of the unclassified cases can be divided roughly evenly between malformations and gliotic (reactive) encephalopathies. The remainder show no ascertainable change.
Micrencephaly: The smaller the brain, the less intelligent the individual and the shorter his expectation of life. The micrencephalic brain may be equally small in all its parts, but more commonly some parts are more affected than others. Micrencephaly is often associated with other anomalies and with reactive changes. It is not always ascertainable at birth. The head circumference and the size of the brain may at first be well within standard range and then lag behind the normal rate of growth.
Hydrocephalus of the usual hypertensive type, particularly with cranial enlargement, should be regarded as a syndrome, but passive ventricular dilatation ('ex-vacuo') due to atrophy or underdevelopment of the overlying tissue is very common in unclassified cases, particularly in association with micrencephaly.
Prosencephaly: The cerebral hemispheres are normally formed by the transformation of the single prosencephalic vesicle into two telencephalic ones. Should this process be arrested, abnormal union between the hemispheres will persist: prosencephaly. This may be extreme, as in cyclopia or, at the other end of the range, quite insignificant, taking the form of an abnormally stout connexus thalamicus.
Disorders ofMigration
The outward migration of primitive neuroblasts from the periventricular areas may be interrupted or arrested. The resulting patterns of malformation are microgyria, pachygyria and nodular ectopia.
The morphogenesis of these malformations is similar. Owing to interference with migration the outward movement of neuroblasts is interrupted or slowed down at a time when a certain number, represented by abnormal Layer 2, have reached the cortex. The axis cylinders of these cells form the abnormal Layer 3 and, when migration is resumed, prevent the remainder of the nerve cells from reaching those in Layer 2. Recent experimental work has thrown more light on some details of migration (Hanaway et al. 1968 ). It appears that cells reaching the cortex relatively late move to more superficial positions by 'leap-frogging' past earlier immigrants. It is in this way that large neurones, originally destined to lodge in what would have been Layer 5, remain in the superficial Layer 2 of the pachygyric cortex.
Reactive Changes (Gliotic Encephalopathy)
It is thought that disease or injury in the early stages of morphogenesis causes simple destruction (liquefaction) of tissue which results, if the embryo survives, in some malformation, such as one of those described above. Later the brain, like other tissues, acquires the ability to limit and repair the damage by proliferative and reparative processes, chiefly on the part of glial cells and their fibres. Such scarring (gliosis) is one of the commonest findings in the brains of mental defectives. The extent of the gliosis and its intensity vary enormously. The whole brain may be affected or only one of the hemispheres, a lobe, a group of gyri (ulegyria), or parts of gyri (granular atrophy). The scarring is associated with partial or complete disappearance of neurones and their processes. In the cerebral cortex neuronal loss may be focal, diffuse or laminar. The surviving neurones are often distorted in shape and orientation. Some may be enlarged. Decaying neurones may show a variety of changes, such as calcification or ferrugination (Taylor et al. 1971) . Another possible change is neuroaxonal dystrophy (Kamoshita et al. 1968 ).
Brains without Ascertainable Lesions Some brains in cases of classifiable and unclassifiable mental retardation show no ascertainable change. Their proportion (given as an overall figure of 10-20%,) must vary with the type of population studied. At our own hospital, which deals with a large number of very severely affected children, the figure has been running at about 8 %. It is certainly greater in higher grade individuals, but most of our lesion-free brains have come from severely retarded individuals, some of whom were also epileptic.
In order to explain this phenomenon some workers have tended to attach significance to minor or marginal changes. However, such anomalies may be found, if looked for, in almost all people. One factor accounting for the 'lesion-free brains' is the relative crudity of our anatomical study. Future refinement of techniques will certainly permit recognition of still unknown morphological changes. Indeed, claims to have observed significant ultrastructural lesions in otherwise normal brains have already been made (Gonatas 1967 . In some other lesion-free brains the changes may be entirely molecular, as they are perhaps in some of the reversible instances of adult psychosis. The proportion of such cases cannot be large. Some cases thought to be initially of this nature and diagnosed as childhood autism have later shown obvious brain changes on pathological examination.
